Antiferroelectric materials have been studied extensively over the past several decades due to their applications in high-energy storage capacitors, high strain actuators/transducers, pyroelectric thermal sensing, electrocaloric cooling, and decoupling capacitors in multichip modules (MCMs). [1] [2] [3] [4] [5] In an antiferroelectric (AF), an antiparallel ordered array of local dipoles can be switched into a ferroelectric (FE) at fields larger than a coercive field of E AF-FE . The field-induced FE phase would revert back into its original state when the applied field is below a coercive field of 3 However, the field-induced FE phase is stable over the experimental period even after removal of the external field and exhibits a slow relaxation mechanism at room temperature. The slow relaxation kinetics is reminiscent of the domain backswitching in epitaxial ferroelectric thin films where the domains are preferentially orientated after the application of an electrical field. [9] [10] After the specimen is heated, the relaxation process into the antiferroelectric is accelerated, as evidenced from observations of transmission electron microscopy (TEM) micrographs. 3 The mechanisms responsible for the slow relaxation are currently unclear due to the limited amount of data, especially in antiferroelectric thin films.
In this letter, the AF-FE phase switching was examined. A charge injection model is used to show the FE-to-AF relaxation behavior.
In this study, a sol-gel spin coating technique was used to deposit antiferroelectric order of 500 kV/cm, which is reduced to~200 kV/cm for a 150 nm-thick PNZST film due to ionic replacement here. The loop appears similar to that from other ferroelectric material in agreement with previous reports. 3, 11 As the film thickness is reduced to 90 nm, the loop at negative fields on the top electrode remains, but half of the loop at positive fields is lost, as shown in Fig. 1 . This indicates that the "ferroelectric" domains driven by E FE-AF have a preferred orientation pointing to the top electrode. ms with almost zero remanent polarization. This suggests that in physical nature, phase switching from FE to AF can be fast, and that the slow restoration of an antiferroelectric phase in the films is attributed to additional factors, such as the size effect and film heterogeneity arising from regional defect accumulation, strain-field distribution, phase segregation, and interfacial passive layers. [6] [7] [12] [13] The generic size effect in antiferroelectric thin films can cause: (1) the gradual increase of the remanent polarization with the decrease of the film thickness, 7 and (2) the abrupt transformation into a ferroelectric at below a critical film thickness. 6, 14 In our work asymmetric phase switching under positive and negative fields is exceptional and still under investigation. It is suggested that the preferable defect accumulation at one side of the film eliminates the reverse domain nucleation and thus inhibits AF-to-FE phase switching at positive fields. Nevertheless, the size effect can not explain the slow relaxation of polarization reversal, since the same phenomenon can occur in bulk ceramics. 3 As a reasonable assumption, the regional heterogeneous nature of the film can affect local electrical parameters of polarization (P i ), dielectric permittivity ( i ), and conductivity ( i ) in an elementary region (i) with the thickness (d i ) that causes charge accumulation at the interface under V appl . From dielectric continuum equations, we can state 
where P s
, D i , E i and J i are the saturation polarization, the dielectric displacement, the electric field, and the current density in the region i, respectively, and  0 is the vacuum permittivity. In a film consisting of two parallel-plate regions (i = 2) connected in series, we can calculate the interfacial charge density using
without considering  i and  i dependences of the local field E i , where
The injected charges under V appl can not only compensate for the local driving field E FE-AF in prohibiting domain backswitching but also cause pinning of domain walls. 15 After the removal of V appl , the injected charges can be smoothed out of the film and then -E FE-AF for domain-wall motion is restored. The process is characterized by a relaxation time (t 1 ) that is dependent on the regional dielectric constant, conductivity and thickness. Figure 4 shows P FSW and P BSW profiles for It is expected that the heterogeneous regions would be enhanced in doped PNZST thin films, due to the increase of defect centers by ionic replacements, and the relaxation time would change from region to region with regard to the electrical parametric variation. The total injected charge density under V appl would be
The line of best fit suggests that either polarization increase in Fig. 2 or reduction in 
